###### Strengths and limitations of this study

-   This is a comprehensive review of neurocognitive outcomes among children with traumatic brain injuries of all severities.

-   We employ neurocognitive domains as defined by the Diagnostic and Statistical Manual of Mental Disorders, fifth Edition.

-   Medical Subject Headings terms are dependent on indexing and may not cover all relevant articles.

-   Limited number of databases are employed and studies are restricted to those in English.

-   Outcomes outside the predetermined domains will not be included.

Introduction {#s1}
============

Rationale {#s1-1}
---------

Traumatic brain injury (TBI) is a major public health issue affecting at least 3 million children worldwide each year,[@R1] resulting in death and disability, especially among moderate and severe TBI. Global mortality rates from TBI range from 2.8 to 3.8 per 100 000 children each year.[@R1] In 2005, it was estimated that 1.1% (3.17 million) of the population in the USA, lived with a long-term disability as a result of TBI.[@R2]

Children affected by TBI may experience a combination of cognitive, behavioural, and emotional sequelae.[@R3] While more than 80% of TBI cases are mild[@R1] and mong these few sustain long-term neurocognitive impairments,[@R4] children with moderate and severe TBI show deficits that persist past a child's developmental years into adulthood, affecting educational outcomes, employment outcomes, psychosocial functioning and quality of life.[@R4]

Several studies have been published on long-term neurocognitive outcomes in paediatric TBI.[@R7] However, these reports are highly varied in the neurocognitive domains chosen, number of domains measured and severity of TBI assessed. The most current meta-analysis reviewed data from 1988 to 2007, covering traditional neurocognitive domains of general intellectual functioning, attention or executive functioning, memory and visual perception or motor skills.[@R4] There has since been an update in neurocognitive domains made to the Diagnostic and Statistical Manual of Mental Disorders fifth edition (DSM-V) criteria.[@R13] Until, there has not been a systematic review or meta-analysis performed using this new DSM-V criteria.

Objectives {#s1-2}
----------

We aim to identify and collate existing evidence from 1988 to 2019 and perform a systematic review and meta-analysis of neurocognitive outcomes following paediatric TBI.

The Population, Exposure, Comparator and Outcome (PECO) question format[@R14] will be used where we will study children 18 years old and younger who have been exposed to TBI. These patients with TBI with measured neurocognitive outcomes will be compared with either (1) preinjury baseline measurements or (2) healthy controls or orthopaedic injury patients matched for age and gender. The neurocognitive outcomes, used in this study, are chosen with reference to the DSM-V criteria: executive function, perceptual--motor function, language, learning and memory, social cognition and complex attention.[@R13] We aim to evaluate changes in neurocognitive outcome over three defined timepoints (time 1: 0--5 months, time 2: 6--23 months and time 3: ≥24 months). Patients will be stratified by TBI severity. Quantifiable outcome measures will be pooled within each time frame as defined.

Methods {#s2}
=======

We will use the Preferred Reporting Items for Systematic Reviews and Meta-Analyses Protocols (PRISMA) checklist[@R15] when writing our report.

Eligibility criteria {#s2-1}
--------------------

We will include studies that contain all the elements outlined in the PECO format. These studies should involve a paediatric population between 0 and 18 years old. This is consistent with the lower age limit for insurance coverage for children in the United States and has been used to define the paediatric age group in literature.[@R16] Should a study contain data of an age range including both children and adults, it will be included if data pertaining to children can be extracted, or if the author contacted provides us with the relevant age-appropriate data. Provided we have sufficient studies, age groups (0--5 and 6--18 years old) will be evaluated using meta-regression. We chose these two age categories because most children would have begun formal education by 6 years old and they have greater utilisation of language and metacognitive skills that separate them from the 0--5 years age group.[@R4] The exposure must be of TBI, and the clinical assessment must include Glasgow Coma Scale (GCS) scores to stratify the severity of TBI intomild (GCS 13--15), moderate (GCS 9--12) and severe (GCS 3--8).[@R3] TBI is defined as 'an alteration in brain function, or other evidence of brain pathology, caused by an external force'.[@R18] This includes any loss of consciousness, amnesia, neurological deficit, change in mental status or radiological evidence of brain pathology.[@R18] The study must have reported outcomes of at least one of the selected neurocognitive domains. Outcome measures of neurocognition must correspond to the domains and subdomains outlined by DSM-V,[@R13] as follows: (1) executive function and planning, decision-making, working memory, responding to feedback, inhibition and flexibility, (2) perceptual--motor function and visual perception, visuoconstructional reasoning, perceptual motor coordination, (3) language and object naming, word-finding, fluency, grammar and syntax, and receptive language, (4) learning and memory and free recall, cued recall, recognition memory, semantic and autobiographical long-term memory and implicit learning, (5) social cognition and recognition of emotions, theory of mind and insight, (6) complex attention and sustained attention, divided attention, selective attention and processing speed. Time point(s) when measurements are taken postinjury must be reported. A measure of comparison must be present---either (1) preinjury baseline measurements of the TBI subjects or (2) test scores of healthy controls or orthopaedic injury patients matched for age and gender. Ideally, preinjury comparisons would account for interindividual variability and form better comparison. It is preferred to include longitudinal studies given our aim to study long-term changes, however, preinjury baseline is not documented in most studies and is mostly reported only for mild TBI in the setting of sports concussions.[@R19] Moderate to severe patients with TBI may not have a preinjury baseline due to the unexpected nature of the injury. Studies without preinjury data will have their postinjury outcomes pooled within each timeframe defined as above and compared with controls. The sample size must have a minimum number of 30 individuals for each TBI severity group for better precision and confidence,[@R4] to prevent selection bias that may be present in small studies.[@R21] Study designs of systematic reviews, meta-analyses, randomised controlled trials, case--control studies, cross-sectional studies and cohort studies published in peer-reviewed journals will be included. References from published systematic reviews and meta-analyses will be hand-searched for relevant articles. If the study is of an interventional nature, the study may be included should the control arm meet the inclusion criteria. Year of publication will span from 1988 to 2019. We chose the year of publication based on our objective to update the meta-analysis performed by Babikian and Asarnow.[@R4] We also limited the earliest year of publication to 1988 (three decades) to limit heterogeneity given the changes in identification and management of TBI.[@R4]

Exclusion criteria include animal studies, non-traumatic acquired brain injuries, neurocognitive outcomes that do not fall into the domains chosen or small studies with a study population \<30 children in each TBI severity group. Study designs of case reports and laboratory studies, publication types of commentaries, letters, books, newsletters, fact sheets, guidelines, editorials and any unpublished manuscripts will be excluded. Any studies not in the English language will be excluded.

Information sources {#s2-2}
-------------------

The literature search will cover the electronic databases: Medline (OVID interface), Embase (OVID interface), Cochrane Central Register of Controlled Trials (Wiley interface) and PsycINFO (OVID interface).

We will refer to the bibliography of included publications to ensure our literature search is adequately inclusive of relevant studies. We will also conduct searches of the authors to capture all relevant material that he or she has published. The bibliography of the included articles will be circulated to the systematic review team and paediatric TBI experts.

Search strategy {#s2-3}
---------------

Qualitative and quantitative studies will be used. No restrictions, such as study design, will be imposed on the search. Medline, Embase, PsycINFO and Cochrane databases will be searched. Medical librarians have been consulted in drawing up a robust search strategy. The Medline strategy will be developed with input from the clinical review team. It will then be peer-reviewed by an expert in Search Strategy who is not otherwise associated with the project. Medical Subject Headings (MeSH) terms for Medline and Cochrane, and Emtree terms for Embase will be exploded as appropriate for each term's tree. Their synonyms will be included as title, abstract and keyword searches. The search terms pertaining to each aspect of the study are derived from various key articles found in preliminary searches.[@R23]

To ensure that there are no similar studies being carried out currently, the following electronic registries for trial protocols have been searched: PROSPERO, ClinicalTrials.gov, International Standard Randomised Controlled Trial Number registry, WHO International Clinical Trials Registry Platform and EU Clinical Trials Register.

The full search strategy can be found in [online supplementary appendix 1](#SP1){ref-type="supplementary-material"}. Strategic search terms include: population---paediatric, child, adolescent; exposure---TBI, head injury, traumatic brain haemorrhage; outcome---cognition, neurocognitive disorder, neuropsychology, executive function, perception, spatial navigation, psychomotor performance, memory, learning.

10.1136/bmjopen-2019-035513.supp1

Study records {#s2-4}
-------------

Literature search results will be uploaded to Covidence,[@R27] an internet-based software program that facilitates collaboration among reviewers during the study selection process. Covidence follows the PRISMA 2009 guidelines and is our software of choice for this review. The studies will first be screened by title and abstract for relevancy. At this stage, only the PECO elements will be considered. During the second stage, the rest of the eligibility criteria will be appliedas the full texts are screened. Reasons for excluding each article will be recorded.

Two reviewers will independently screen the articles during both stages. Any conflicts will be resolved by a third independent reviewer, or by discussion. Neither of the review authors will be blind to the journal titles, study authors or institutions.

Data management {#s2-5}
---------------

Data extraction will be done by two independent reviewers. Using a standardised form on Microsoft Excel, reviewers will extract the following from each article: study name, author(s), publication date, language, geographical origin, TBI definition, TBI severity as defined by GCS, study design, study phase, participant characteristics (eg, age, sex, comorbidity), neurocognitive domains investigated and their respective tests, and the time of each assessment in relation to injury. Whenever possible, primary quantitative data will be extracted for meta-analysis. The same information will also be extracted for the control group for the analysis. These controls include healthy children or children with non-neurological single-system injuries (eg, children with only orthopaedic injuries). If healthy and orthopaedic injury controls are present, we will preferentially select the healthy control. Subsequently, studies with healthy and orthopaedic injury controls will be combined.[@R28] Controls that are classified otherwise will be excluded (eg, attention deficit hyperactivity disorder). Any qualitative data will be included as part of the narrative review.

The reviewers will extract data independently and in duplicate from each eligible study. To ensure consistency across reviewers, we will conduct training for all reviewers prior to the start of data extraction. We will do this by independent data extraction of separate reviewers on the same data sources followed by resolution of differences and development of a common understanding. Reviewers will resolve disagreements by discussion. We will contact study authors to resolve any uncertainties. A reminder will be sent to the author in 3 weeks. Should the author not reply within 1 month, we will consider the study excluded.[@R29]

Outcomes and prioritisation {#s2-6}
---------------------------

Our primary outcome is to determine the progression of each neurocognitive domain over time as a result of mild, moderate and severe TBI. This will be done quantitatively, taking into account the age of the children at the time of injury (0--5 and 6--18 years old).[@R4] We will then perform a meta-regression by age if there are sufficient studies in both categories. The studies that use numerical tests to measure neurocognition will contribute to the meta-analysis. Studies will be presented and compared with controls where healthy, typically developing children will be preferentially picked over single-system orthopaedic patients. When preinjury data are present, we will perform a longitudinal design analysis. The remaining studies will be reviewed systematically and described. Studies that used previous DSM (DSM-III and DSM-IV) criteria for neurocognitive domains will be mapped to the current DSM-V criteria.

Risk of bias individual studies {#s2-7}
-------------------------------

The Scottish Intercollegiate Guidelines Network (SIGN) criteria[@R30] will be used for critical appraisal of the risk of bias (RoB) in each study. These quality assessment forms provide a systematic way of evaluating cross-study bias. An overall rating of high quality, acceptable, low quality or unacceptable will be given to each study. If there is insufficient detail reported in the study, the original study investigators will be contacted for more information. If there is still insufficient information available, we will report the RoB as 'unclear'. These judgements will be made independently by two reviewers based on the SIGN criteria. Disagreements will be resolved first by discussion and then by consulting a third reviewer for arbitration. We will consider each item in the RoB assessment independently without attempting to collate and assign an overall score.

Data synthesis {#s2-8}
--------------

All assigned cognitive outcome measures will be analysed separately. Each cognitive domain will be pooled and stratified by TBI severity anddifferent time points.

Studies will be pooled using the DerSimonian and Laird method[@R31] of inverse variance random effects standardised mean differences (SMD) between control and TBI severity groups. The pooled SMD with 95% CI will be presented in forest plots. Studies that report long-term respective outcomes longitudinally will be pooled by timepoint to account for within-subject correlation. Outcome estimates will be compared by TBI severity (mild vs moderate vs severe). For studies that report cognitive outcomes for preinjury and postinjury TBI groups, a separate analysis will be done, using paired SMDs to pool the studies.

For outcomes reported as median (IQR or range) instead of mean (SD), the median will be used to estimate the mean if the sample size is larger than 30 and there is no mention of the data being skewed.[@R22]

Where there are missing data, the original authors will be contacted to obtain the data. If the missing data cannot be obtained, the study will be excluded from the meta-analysis but still included in the systematic review.

Data contributing to the systematic review will be presented in tables. A narrative synthesis will then be written about the different types of outcome measures used and how often these measures are used to measure the various cognitive domains over time.

If we have adequate studies, we will do an age-stratified subgroup analysis for each domain and timepoint.

Meta-bias(es) {#s2-9}
-------------

To evaluate the presence of selective reporting of outcomes, we will look at the random effects model to assess the possibility of sample bias. A funnel plot[@R36] will be used to further assess for publication bias.

Patient and public involvement {#s2-10}
------------------------------

No patients involved.

Confidence in cumulative evidence {#s2-11}
---------------------------------

The strength of the cumulative evidence will be assessed at the final stage using the Grading of Recommendations Assessment, Development and Evaluation (GRADE).[@R38] The evidence gathered will be assessed in the areas of risk of bias, precision and publication bias. Other areas will be considered when appropriate. The quality of evidence will be graded as high, moderate, low or very low.

Discussion {#s3}
==========

Ethics and dissemination {#s3-1}
------------------------

This systematic review and meta-analysis aims to elucidate the true burden of paediatric TBI on neurocognition. The burden of paediatric TBI is increasing, as shown by rising hospital admission rates,[@R39] and increasing costs.[@R40] With improved trauma resuscitation and TBI management, mortality for severe TBI has decreased, but patients with both moderate and severe TBI often live with long-term neurological sequelae.[@R41] There is an urgent need to accurately define the devastating effects of paediatric TBI, especially those with moderate and severe TBI on short-term and long-term neurocognition. Children with mild TBI often have good recovery, nevertheless, their neurocognitive outcomes over time deserve study and proper documentation.

A systematic appraisal is needed to understand these long-term neurocognitive deficits. Current limitations to individual studies include a great variability in the TBI severity, definition of neurocognitive deficits and outcome measures used. For example, a 12-month longitudinal study assessed attention, working memory and processing speed in moderate and severe TBI only,[@R10] while another 12-month study based in Los Angeles, US studied language, memory, psychomotor function and inhibition in mild TBI.[@R7] Another study covered all TBI severities and spanned 10 years but assessed domains of intelligence, adaptive behaviour, executive function and social function.[@R11] Individual studies, while informative in their respective domains, do not aid in the overall understanding of the neurocognitive outcomes for this vulnerable paediatric population. The increasing and sophisticated measures used to assess neurocognition in the past decade present a golden opportunity to consolidate short-term and long-term neurocognitive outcomes.

The strength of this study lies in the methodology, which makes it possible to capture a wide range of data on clearly defined neurocognitive outcomes as well as to stratify these outcomes based on TBI severity and time point in order to perform a comprehensive analysis of each domain. Our protocol is registered with PROSPERO and is designed with best practice methods. By comparing each TBI severity group to a control group within each study, and then aggregating the results across studies, we will better positioned to understand the trajectory of neurocognitive changes over time.

With the results of our study, we will be able to understand the true burden of TBI on a much larger scale. This study has the potential to define the permanent and life-changing consequences that are more often found in moderate and severe paediatric TBI, to inform decisions made by policy-makers and government agencies. With a clearer understanding of specific neurodevelopmental deficits thatchildren with TBI suffer from, early intervention programmes can be tailored to improve the child's developmental trajectory. To care for these injured children in the long-run, targeted educational and vocational opportunities need to be created and sustained.

This study will also enable us to understand how different neurocognitive scales are being used in various parts of the world. It can provide valuable data to dedicated TBI work groups when making future decisions on which common data elements are relevant and important for TBI research. Finally, by consolidating the current published literature on the topic, we hope to guide future researchers by providing critical knowledge on long-term neurocognitive outcomes that can be used to assess the effectiveness of interventional strategies for TBI.

Ethics approval is not required for this study.

Limitations {#s3-2}
-----------

The search terms in the strategy are explored in the MeSH browser. It provides a systematic and standardised way of searching, however, it may not fully cover all the articles relevant to the research question if they are not indexed under the MeSH terms used. For example, there is no MeSH term directly related to 'social cognition', which is one of the key neurocognitive domains used in this paper. In addition, the limited number of databases employed and restrictions to English increase the possibility of missing out relevant studies.

Having predetermined the selected domains to be reviewed, we are not able to include the studies of outcomes that are out of our selection but still relevant to the issue. One example is a study on social aggression following TBI,[@R42] which although may not directly affect cognition, still plays a role in a patient's ability to make decisions,[@R43] and affects social functioning which leads to consequences in all areas of life. There is room for further review and study of these factors that contribute to patients' outcomes.

We will collect information on important prognostic factors (eg, age at time of injury and the mechanism of injury) and present this as part of the systematic review. However, we recognise that not all variables will be used to stratify the neurocognitive outcomes at the meta-analysis and will give priority to the severity of TBI and the time since injury.

Children who suffer from TBI, in particular moderate to severe TBI, suffer from neurocognitive deficits. This systematic review and meta-analysis aims to provide a comprehensive landscape of the true burden of paediatric TBI across neurocognitive domains with the passage of time.
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